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(57)Abstract: 

PURPOSE: To make it possible to form a 
primary-color light-emitting element of a very 
simple element structure by a method wherein 
groups of epitaxial layers, which respectively 
constitute red, green and blue light-emitting 
structures, are laminated in order on the same 
substrate. 

CONSTITUTION: A primary-color light-emitting 
element is constituted as a multilayer 
structure, wherein a green luminous part 10 is 
formed on a red luminous part 30 formed on a 
substrate 31 and moreover, a blue luminous 
part 20 is formed on the part 10. Therefore, 
the primary colors of red, green and blue can 
be emitted by one chip. As a result, it 
becomes possible to realize a full color 
display by controlling a voltage to each layer 
of red, green and blue luminous layers. 
Moreover, by turning the green luminous layer 
15 into a non-doped ln 08 Ga 0 2 N layer and by 
turning the blue luminous layer 25 into a 
non-doped ln 05 Ga 05 N layer, a band end 



light emission can be utilized and a 
primary-color light-emitting element of a 
sharper luminous wavelength can be 
obtained. Thereby, the realization of the full 
color display, which has not a blurred color 
and has a very good visual sensitivity, also 
becomes possible. n 
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[«#jsi] ra-**±ia*ssnfc**©xfcr** 

!»IEmtoxfcr^*S'WU»»±fcJsKft3tifc. 86% 
«ifi* tt-T* 3 ©x if* * -> ^ ;UBP <h 

Hweajt*^. 10 

[M*B2] WE»loii;^J't;HBBt4. Al 
Ga'As SiVGTAs P'A^'*ifS'»»v5atftlS1ft:^ 

«¥4Mf:^ e> * x tr * * •> ;us 

ffi8ESB2©xK**>/*;WMM4, GaN;5><=>fcSXfc? 
**->-f JUS 

fjMB*2©xe**^*;wMm, saflBSBioxb;^* 

->^;iWf P£©ij|#g]5tc/w 7 rS£^tr. l IB 

*OHJHfe«Jt*f. 20 
[ii*^3] i»EjSi©xif^^r->^;ujB»tt. g± 
S#A 1 GaAsfeitfGaAs Pri>&fc%ifa»£>afcf 

JP3#U 0 nm~8 0 nm©GaNi5>f l )5:5A''y77l 
i. 

t^A*y 7yS±l£J6£*£ftjfc, GaNi6^ft5$lfl 
ntriE/t 77rii fJSBSfl 1 OttfftJB iffl#ffi Kttar s 

^&&mt* 30 

jWHBSBlOlft»JB±fcJ««*nfc. Al, Ga„, N 
(JtfcU 0^x<l) *»6tt*»l©xt;^*->-vJP 

Si. 



GaN*^*5^2»f6iit, 

WIBm2CO|fe^B±tCJ5£g$nfe. Al, Ga,., N 40 

(fcfc'U 0?Sy<l) i^&5i2 0Itf5'*->t;i' 
St, 

*fiSB^2©xtf^ + ->r;i/S±tCfigg$nfcfl t 6%7tS 

we*fi«3tts±ic«*anfciB2o^7y 

tr. W#E2Ett©=JBe»7t*f. ' 
[«*3S4] HtHB/N'-v 7 rB©JP£«> 2 0nm~6 
OnmtM, if^2Sfe«lfl*3S3{ClB®OH^fe 

im&m 5] H-»«±fcttR©xe$'*-> + ;Un* 50 
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HafBS«±IC, »±S#A 1 G a A s *5 cfctf G a A s P 
*»&&*»*»&atfn*flS^«¥**to>Sfc**6»ft 

WIB^l WXtf^+->-v;US^©mftB«±S±tc, 
tr»2®^tSS*S*rtK»AUTKJiKS[rtfca9:B* 

nfc*«±fcattjs6fts-a-**fttc«kr), mi ©as 

T. G a N#> *SA* v V '7 m&B&T&Xry 7£ . 

7j££»C<fcD. ffUBSfll ©figJ;f3^Sg2©SgT. G 
WBSSB 1 0»»S±fc:. Al, Ga,-, N (fciKU 0 

MgBg§i©xfcf^->-v;i.S±(c, »fi*3tJiS»j«-r' 

t38Bi!t6^7tS±{c, Sl©^7yN*IgMT5Xf 

Wt&f&KDiryy FB±fc, GaN^5^5i2 ©JfiUfc 
S^^-TSXT-y^t, 

WIBm2 Wjgi^S-htC. Al, Ga,., N (fcjEU 0 
^y<l) *^^:*^2CDXtr^^->-v;PS*^-r-5 

W«3JB2©xtr^*->irJl'JB±fc. KTft«3tt»*»J«-r 

[»*3«6] inFBBIBl ©MStt3 0 0t~7 0 OtT 
35 0 > 8313^2 ©iaS«7 5 0tK±T"S5. W*J1 5 

~m#m7] mGiRi®ajeB4 0 o "€~6T6 < ct? 
**. nsMieeftoHafiK^a^oaia^rtt. 

[0 0 0 1] 

[aa±of«jffl»»] £©B9itt, =^fe^7t^fe«t 
jcric**nfctt»©xif^^r->^^aa>6!ft*^B*a 
«. 

[0 0 0 2] 

[fi£*©t£ffi] 08H ft*© A 1 G a A s &©*65)! 
««T (LED) ©-0«©*8j££7K-rS&>rffil2!T&£„ 
[0 0 0 3] El 8 LT. COSttfiffXa? 1 0 0 
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tt. ZniJH-^nfcAl,., Ga o s AsWSS 
S1£l 0 1 £, £«1 0 lifcJBlBfcSnfcpfflA l„. ss 
Ga,. ls As*^^gfiM110 2<i:, 
1 0 2±fC^5E$tlfcn^A 1 0 . « Ga„. 4 Asi^S 
h*Bl 0 3i^ii; *Htt. 1S10 1M 
^77 KB 1 0 3*f.toTM. 

[0 0 0 4] ^e^JtSR^OWWtL/Ttt, :© 

<t5&AlGaAs^(;, G a A s P %<D$><D&m 

[0 0 0 5] i9H a«ETUK*«BBttanT^* 10 

GaNRroflfefg**^ (LED) CD-#|C9jgjI£^-r 

: H0T'*"*Y" " " - — 

[0 0 0 6] 09*#IbT, d©#fe^7t^2 0 0 
tt, 1t77<7M2 Olt, 0 iil:»)Ssn 

fcGaN;t^77l2 0 2 i. A*7 7 7l2 0 2 ±.\ZM 
fijc$nfc/N7j||»n^GaNXlf^*->-wW12 0 3t 
jJ^i^^nfcltf^ + ^tJWxAllI, nUA 1 G 
aNA^ft5^77H12 0 4, Zn^H-^n&n 
lln,., Ga.., NA^a5ffi»3ti2 0 5, pM 
A 1 GaNA^a5i'77 HB2 0 6 feitfpgJG a N 20 
Xtf^^->^;i/B2 0 7tfM&*jft£tt. ttStt. Ga 
NXtf^^->tJH2 0 3, 2 0 7A^ioTM. 

[0 0 0 7] fc*, ^©W-fe^Tt^fC^^T, GaN 
A'y77l2 0 2«, T-f TS« 2 0 1 t G a NX 

tf^^->r;i/»2 o 3 t©*^je*ojsfc«t*2**a 
[0 0 0.8] s sic, HioB, we^Tt^tra^tc 
(led) (D-mvffim&mTmmm-e&z, 

[0 0 0 9] HI OS^RBL/T. JlOWIifiSSJtSl^S 30 
o.oii ir7 7-f7SS3 oii, Ifi3 0 i±c»i« 

StlfcGaN; , !7 7 7l3 0 2t, GaNAy77l3 
0 2±\ZMf8,-2tLtzttM,<DnmG aNXtf^*->-Wl- 
13 0 3 t^e>«!^3nfcXfcf^^->-VJP'?xA±(C. 
n^A 1 G aNfrZttZf^y FB 3 0 4. Zn^H- 
^ntnlln,., Ga,., Ntr>e>1t*1ta&9tftm 
3 0 5. pIA 1 GaNA^WJ^y KB 3 0 6*3J; 
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[0 0 12] LJ&>Lfc#5. aSfi^^OWW 
iLTfflVietX-SA 1 GaAsISfdiGaAs Pl±' 

aNi^MtSitlitt^fc. ^-CDfcifr, 

[0 0 1 3] CCD22 iffl'BW ttT~Zj2fi© K B5£'£«?)Er~ 
[0 0 14] 

mm*m&rz>rz*b<D^WL\ mum. 1 ©sswK:.fc*= 

* 5/ + ; m 6 & a *B*iaHJse»3t x $> o x . 
s«t±fci«s$tife#fe5e7t^«ijs*^-rm i ©xe 

#£. ^2©xtr^^->^)i'B#±(c^s$tifc#e» 

ft*^*»£fc?^3©xfcf**->Y;WB*££-&tr. 

[0 0 15] tt*JS2©%BJ(C«t-5H®e^7t*^tt. 
1 058WC*V»T, MS 1 ©xhf^^-^Bffte 
A 1 GaAstfcBGaAs P^&3$W^jgtt":n<5 

xhf^^vv;PB»ttG aNA^ft5lt*^*i't;H 
I3©XW+->t;H»SGaNA^&5l 
t£**>"WWi£^*-, » 2 ©X ;Wi*tt* 
1 © X tf * * -> r ;UBS¥ £ CO \Z A* >y 7 r B £^ 

xv>5. 

[0 0 16] «t*3B3©5EWfc«fca=Be»3t* : f»4. 
«#E2©8ijilfc;fevvr. mi ©xt!^*->-wi'BS¥tt 
*_hB^*A 1 GaAs^itfGaAs P*^&5S*5 

*->tJH»tt, JP3#U 0 nm~8 0 nmCOG a'N* 



C/pSGaNxe^ + ->t;H3 0 7#JHtC^J&$n, 

GaNXtf^*->v;l/B3 0 3. 3 0 7^f,t 
oXHS. 40 

[0 0 10] dOfflftfiajttJR^KfeHT. Ga 

NA-y7 7l3 0 2H If" 7 7-f 71S 3 0 ltGaN 

xtf^+v^JUB 3 0 3 toft^ftoafc.fcSS** 

[0 0 11] 

[*9W«*PftL.J:3£T*Sll«] b3&»bft*«6. ft*, 

±$©<fc3{c, gjse. nfeco^-n-^niHsijco^Tt 

*^ (LED) £fP«T*il£tt-C#fc*». A-f^U-y 

h* Idfco fc fe©ttf£§?-f 3 £ &4t-?Sftft»-3fc. &if 

<E>, ±SSC0«t5(C. W€s*3J:Z>'^e%7t^ttGaNB 50 



&&M777it, A* y 7 7 B±tCfiESS tlfz GaN 
J&»&fc*l6l©*fllWi£, A777lt^l«It 
C0^®(Cfi«-r-5>^fi-&®«i:. $1 co*6^B±!cj^fi$ 
tlfcAl, Ga,-, N (fcfe'L, 0^x<l) #>S&-5 
fgl©xlf^*->^B£:. S§l©xtT**->*JWl± 

iiof77KitSt*.. ^3coxtf^+->^;i/BSf 
tt. GaN^e.^sm2CD*6igtBi:. ?g 2 ©ij&Bdi-BC 
^tlfcAl, Ga,., N (fcfcU 0^y<l) 
5£*SfS2©Xfcf^*->-WI/B£. £!2©Xtf^v"V 

[0 0 17] c;t, Ay7 7ii««i40*Hi:tt 
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«. mmn=?mmk (temi ssgtcto, n>h^x 

[0 0 18] BlJji^oaijlilciSHJSfiSSttfc^tt. 

JP£«2 0 nm~6 0 nmTibS. 
[0 0 19] ||$95®a9!£J:«HN(6a%3K?®8 

T. S«±tC. ©±J1#A 1 G a A s is <fctf G a A s P 

-&trm 2 ©#x t ^sis^rt ^ a b tasart cri 

GaN^e^^A'^^TgSrJgfig-r^X^-^yi:, 

#x £ 7 > ; enT^ty^ 2 ©#x t fcHA 

HI1 ©ia&«fc9fl&V^2©i&an?, GaM^ 

±fC, Al, Ga,., N (fc/£U 0^x<l) 

©xtf^*->^;i/JlJ:lc, Jtfe^TtW^^T^XT-^ 

fgKDfyy KWifC, G a N5&>5&£fl2 30 
©fcHBSJBJfc-raXy-v:/*, £2 <Z)|&ftB±fC. A 
1, Ga,., N GttffU 0^y<l) ^5^582© 

_jo o 2 o] ft*?, #u a s-s- tsft m&mmw t. vx_ 
[0021] at^eo^wjck-BHSfi^^oa 40 

igTjfttt. W#>I5©fgWCi3^T. fgl©iagtt3 0 

ot~7 0 cc-e&o. ^2©ia«tt7 5 o"C£U:-c» 

[0 0 2 2] ©569JK:J;*=K6f6>fc* ; ?©« 

0 < C~6 0 0tt*5, 
[0 0 2 3] 
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[0024] z.<D%mz&z=m&5tytm?te* 

m^tfl 0 nm~8 0 nm©GaN)!i^a:5A'777l 
[0 0 2 5] *8i5fiWfc*stt*iioAy7rJitt. TJf 

[0 0 2 6] t^fcS, GaNOXli^ + ->tMS 

«. a«8 o o*c~i i o o , ct«r»5##irw»"rff& 

■■"5-«6ffB*»»****;-:A 1 Ga A s M^GaAs-PfH 
8 0 0 < CK±©iSia-C«As^>P©feW^^cTL^ 
■5o ^©i^&ut^f,, A 1 G a A s i5«fctfG a A s 
P M ± tc G a N X tr 9 * -> * ^® £ »J5fcf * it 3& tc 

TG a NXtf^->-WPS«fc9teiaTJgj£3ft£G a N 

[0 0 2 7] ;©GaNA*7 77l®I^lt 1 0 nm 
~8 0nmTib5. 1 0 nmi Djgl^cfc, Xtf^v'-V 

— 7t\ 8 OnmitJJI^i, 777h 

-L>iCtf55^ KtttCXhf^^->-v^«^ftUTL^5 

[0 0 2 8] ifc, ^ORWlCtt^HSieajttSl^OK 
ig7j^^J;n«, A 1 GaAsfeWGaAs P^6^C 
a#a»SjB«n*fc^4MM>to&»&J&:*JB±K, GaN 
xtf**v*;Wf©j£gS«J;Dt>ffi^tagn?,: GaN 

A* y 7 7 m £ & b T I *3 . 
[0 0 2 9] t<DtzSb, A 1 GaAslJtttGaAs 

a NXfcf^*->^;Wl£)&:B£i±-5 c tanffr 
[0 0 3 0] n©GaN*^fd:^;\*^7 7-@S:^fig-r^) 
^©jS&«, 3 0 0^7 0 0^*1^. 3 0 CC 

-77. 7 0 0*C«fc9E5V><i:, TJia*^* — 
5>*3WT. d©±iCJgJ5)c$nfcXtfi$'^->^;i/@^fiJ 

[0 0 3 1] ;i©BfiK:«fcntf. GaN/b77 

JSiScfctfG aNitf^+yt^aoMl:. fl-8B#>SK 

*r«^«S»^#tr* i ©#x t y >tx7^^ 2 
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[0 0 3 2] -t££>\Z, Z.(D%m\Z^n\t, Ay7 7ii 
[0 0 3 3] 

(1) A 1 GaAsiSftttGaAs Pii^Ga 

(*K091) Hilt XK^*->ir^9xACD— 10 

[0 0 3 4] &l^LT;"C^)XH^ + yt;Wx 
Ate* AlGaAsl«l±l:GaNA*777i2^f 
fi£$n, S&fd*0±tCGaNXtr^^->^;i/B3*^ 
jJSfttV^. GaN;b77i2tGaNXt! 
^+->tJH3<i:^ai:lt ^SE-&ffi9 3^ffiBLT^ 
S. 

[0 0 3 5] ^l:, ZL<D£o\zmtilt£tiZ>x.\Z?*zs j v 

[0 0 3 6] H2tt, C©BWfcJ:**«£Ji*D9-f 20 

5 1 £fg2<7);tfX#AP5 2t#aP5 3££W"r&S 
/S^>A5 4 t, ^0aSft>A*5 4 0^W^f 

[0037] ei©«t'5fc#iricsna««*ffl^T, «T 

[0 0 3 8] H2S#fl8LT, £lT\ e*^6ft*K* 30 
ft>A5 4W:, H 2 S0 4 *COM#OX-/^>^ 

7;i/5X«)AAlGaAs ( 1 0 0 ) 1 £t£Bb 

[0 0 3 9] Jfcfc, &ifiMmt-?5 5 K«fc0 
?t>nflt#*MLT, S«l £5 0 OrfCffij^L, 
fcttffiT, »1©^»AP5 1*5I I LiBStL 



Th'J^^MUW (TMGa) ficfctfttffc** (H 
C 1 ) Sr-tn-en^JE 8 X 1 0" 4 a t m, 8 X 1 0" 4 a 
t mTSAL, — Jj. S2 0^iAP5 2^?>«VJS 40 
gjSf^LTT^XT^X (NH, ) &#JE1. 6X1 
0"atmT?Al&, ^©i^S^T, 15#WX- 
e^v-Wl^SSi*:, S3 3 0nm©GaNA';77 
I2SMLfe e 
[0 0 4 0] C©i3l:GaNAy77i2A^ 

5 0t;$T#Il/fc8, TMGa, HC 1, NH 3 
ffi£^*l^n8 x 1 0" 4 a t m> 8xiO H atm, 
1. 6X10"atmtti5*fr^ 6 0»ffixW* 
ytMIStfe. 50 
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[0 0 4 1] GaNA*7 7 7l2±lC, /P$ 

2 Mm©iE^GaNX^ + yt;H3^M^n 
^«GaNX^ + ytJH3©7^ h;U^^ir> 
X (PL) hJUtt, e-^ftfi^3 6 0 nmO» 

[0 0 4 2] (HSS0iJ2) GaNA7 7 7i2M^G 
a NXfcT 2*z/*)Vm 3 (D^Mft^KT^J: 5 
U ffiO^fr^SECTl iHfllKLT, HI 

**nxt:^+'>t;wxA$ffffi!Lfco 

l0DT3TGaN7t77 7 1'OAMff" 



: : 4 o ot: 

TMGa^JI : I X 1 0" 4 a t m 
HC 1 <£>#jE : 1 X 1 0" 4 a t m 
NHj CD#J£ : 5 X 1 0" 1 a t m 

fc&mm : 4 o #p*i 

GaNXbf^ytM^I 



MfcUm : 900t 

TMGaM : 3 X 1 0 -4 a t m 

HC 1 (DftR. : 3 X 1 0' 4 a t m 

NH, (E>#J£ : 8 X 1 0" a t m 

tit&mm : 6 o #m 

Z<D£o\ZLTmznfz^¥?*i/*)l>'yx./\\Z&\,*T 
\t. i$4 0nmOGaNA , 777l2(^±L J¥£ 8 
^mCD^SttCDG a NXfcf **->*;Wl 3 ^MStlT 

[0 0 4 4] I0GaNX^ + yt;H3 0PLX^ 
*HM4, tf-i/Jft*3W3 6 0 nmCD3S^*3t#«as 

©G a NX W + JH^ricfiLTV^ i t^*B* 

[0 0 4 5] (tfc**fl»J 1 ) GaNA7 7 7l©tilCJ: 
§GaNXW + yt;i/i^ttO|ISlCO^Tl^ 
AlGaAsSfiiC, lS*gG a NX tT^^5> * 
JWiftriEftS-a-fc. &*3, GaNXtf^^ytM©^ 



[0 0 4 6] GaN/t7 7 7ir»t^S 

A l GaAsSSgB*OTi:«kt)^-ys 
SfrtTIHlCi^T#, ^<Z)±fC^/$£nfcGaNXfc!^* 

fee 

[0 0 4 7] Sfc, As/7rJBOW&l£J;*#tte>MS 

nrzx.M^^^)vox.;\\z->^x, sBasihfcct* 
p l mtoisA * itm l fee 

[0 0 4 8] -€-CD«8», GaNXtf^ + ytJU^ffi© 
D3i!!i^^T»4>c#3ttS6*«A6n, GaNA777lS 
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£Wt>frvfz. £tz. X^ESf. P Lfflfe<D$£3k\ZZ)\,* 
Tt>, G a NA*-y 7 r B£S2ttfcSy60J£C>^T©#^ 
fC -> v - tf- V £ fife . 
[0 0 4 9] mmM3) GaN/\*-y7 7-«©«jiP$ 
£«m-f-5fc#>. A 1 GaAs*1S±(CS^OTP$(DG 

;m s-j&g^-e-T. ^snfcGaNxtr^^v^^g© 

[0 0 5 0] &*5. GaN/\'777ife<t^GaNItf 

[0 0 5 1] 0 GaNA'7 7 7lOfSt, Ga 
"NXTf^i^* JI/«©Xi^tf— ^0¥«e"('FWHM)™- 
t©IfS;St^TS^. E3tr*3^T. illllJGaN 
^7 7 7101* (nm) £tkU iiE|ft«X«atf-^© 
^Miti (FWHM) (#) £tkI,T^5. 

[0 0 5 2] 04lt GaNn'^rl©!^ 

<h. G aNXtf^^->v;i/H»*®[Hiei<i:CDBI^Sr^T 
0T&£„ 04 JCfcUT, StWiGaN/N*>y7 7-»©P 
$ (nm) SttSU SSfttrti^HtHdl (wm) ^LT^ 
&*5. dbBB«i:,&£[HteBftT,&©M 20 

[0 0 5 3] ia3fc«t^0 4 .tOBJ^^i^iC. Ay 

Z> G a N X tf * * -> * )VM ©iS^14«{£T b T b £ 
5. ^(Dfzib, GaNA'777lClStLTIJ10n 
m~8 0nm«L< 1 $ S(C«fFS U< «2 0 nm~ 
6 0 nmTr&£>£^;i<i#t)7^£. 

[0 0 5 4] (3!iS0iJ4) A 1 GaAslffifflfttiOl; 
GaAsPlS^UT, t^filco^frT'G a 

Nny7 7iesEL, $e,lC^-CO±(cHiS0iJl tmm 30 
«*ttTGaNl^ + ytiH«lf;. 

[0 0 5 5] Z.(D£o\ZVT%t>ntz^\Z5> : *i/V)lO 
x/MCOt^T, G a Nltfi' + ytMffl P LiB'JSiiJ J; 

zfxmMtfTMfe&ftti.itz. ^(oi^m. nmmihmm 
iz & tf- ^ ^ e> nfc. 

[0 0 5 6] (HiS0<J5) I I Iil^LTTMGa 
<Pffrb OtCTEG a (H J X^;ktf 'J -7A) £fln>T, 

jiM^j it pj^w^^-T" Ga NA777 b*»j* u T~ 

tC^O±{CT E G a ^ffl^THJfiCSJ 1 i|B)«|©^^T 
GaNX^ + ->f^MMbfc. 40 
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